INTRODUCTION
Fish has been an essential means of income and a source of food to numerous people who depend on it in countries that are still developing. With respect to Africa for instance, an estimated 5% of the populace, depends entirely or partly on the fisheries sector for a living [1] . Culture fish needs high quality and nutritionally balanced diet in order to grow fast and attain a good market size within the shortest duration of time. For this reason, indigenous production of feeds is required for the commencement, enhancement and sustainability of fish farming. Fishmeal has been the most used source of protein incorporated in fish diets, despite the fact that fish supply is not increasing globally [2, 3, 4] .
In Indonesia, the production of large quantities of fish meal is still not feasible because trash fish is consumed by humans; consequently, most fishmeal used in aquaculture feeds must be imported [5, 6, 7] . The development and sustenance of subsistent fish farming depend chiefly on the utilisation of traditionally available ingredients to minimise the outrageous feeding cost [8] . It is economically more beneficial if shrimp head waste usually discharged into environments in Nigeria are harnessed into fish feed [9] . The use of locally formulated feeds has not contributed much to aquaculture development in Africa, as a result, more research has been suggested on how best plant and animal materials can be utilised as fish feed [10] .
About 60% of the overall cost of producing fish in Africa comes from fish feed [11] , which to a large extent accounts for the viability and profitability of the fish farming venture. Expansion of aquaculture in Nigeria and indeed in Africa has led to the massive importation of feeds from the European Countries. In Nigeria, it has been estimated that about 4000 tonnes of good quality feed for fish have commercially imported into the country annually [12] . This has contributed to increasing the overall cost of production of fish which in turn translates to the high cost of marketable fish, invariably making it too costly for the generality of the poor people living in Subsaharan Africa [13] . The study was aimed at comparing the economic benefits of using chicken offals based diet (COBD) and shrimp based diet (SBD) as an alternative to coppens (fish commercial feeds) in Clarias gariepinus production. 
MATERIALS AND METHODS

Study Area
Collection, Preservation and Preparation of Chicken Offal and Shrimp Waste
Chicken offal used in this study were purchased from Watt Market and Mr. Runyi broiler slaughter farm at the Cross River State Water Board premises, Calabar, Cross River State.
The freshly collected offal was thoroughly and carefully washed in water to remove the faeces from it as much as possible before weighing it. The Chicken offal was then par boiled for about 30 minutes [13] . It was allowed to cool, before sun drying. Shrimp waste was obtained from Calabar beach market in a dry form, then packed in a bargo super sack bag and kept in a dry place until when needed.
Diet Ingredient
Coppens feed produced by Coppens International in Netherlands is made up of good standard ingredients like calcium, methionine, copper sulphate (CuSo4), marine fish meal, phosphorus, lysine, selenium refined fish oil and several grains. The pellet sizes of coppens feed used were 2mm (42% crude protein), 4mm (44% crude protein) and 6mm (45% crude protein) respectively.
Experimental diets were composed of Soyabean meal (SBM), Chicken offal (CO), Shrimp meal (SHM), Wheat offal (WO), Cassava starch, vitamin premix, bone ash/calcium, Sodium chloride (NaCl), kings vegetable oil, lysine, methionine.
Diet Formulation
Shrimp based diet (SBD) and chicken offal based diet (COBD) were formulated for this experiment, adopting Pearson square system to arrive at a crude protein level of 42%. Various ingredients of feed were ground and amalgamated properly in accordance with their percentages by weighing to the nearest grams. After which the feed was pelletised into 2mm, 4mm and 6mm using a Hand Cranker machine into small sizes and oven dried for 30 minutes. Soon after drying was over, the feed was allowed to get cold, before they were packed in bags and stored in a dry place. The component and proportion of the diet formulated are shown below in Table 1 .
Fish Stocking and Experimental Procedures
Prior to the commencement of the experiment, the tanks were treated with 20ppm common salt solution (sodium chloride, NaCl) for the complete extermination of micro-organisms which can pose a threat to C. gariepinus juveniles. Water was then filled and allowed for two weeks, before flushing out. The tanks were refilled with water before the introduction of fish juveniles. were used and labelled A 1 , A 2 , A 3 , B 1 , B 2 , B 3 and C 1 , C 2 , C 3 . The culture water was completely changed every 48 hours and refilled immediately, to maintain good water quality throughout the experiment.
The fish were sampled bi-weekly to determine their growth (mean body weight) and survival (mortality). The rations were adjusted once in 2 weeks, to correspond with the new body weight using the weighing balance. The sampling exercises were carried out between 7-8am to minimise heat stress. The dissolved oxygen (DO), hydrogen ion concentration (pH), temperature and ammonia (NH 3 ) were monitored throughout the experiment duration. The DO and pH were measured using Jenway meters model 3050, England for DO in milligram per litre (mg/L) and model 9070 for pH. Mercury-in-glass thermometer was used to monitor water temperature (degrees celsius). Ice preserved collected water was analysed for Ammonia (NH 3 ) using spectrophotometer in mg/L.
Proximate Compositions of the Experimental Diets
The proximate examination for the 3 experimental diet was carried-out in Faculty of Agriculture Central Laboratory, University of Calabar.
Determination of moisture level:
The samples were weighed first (Initial weight), and then dried in electric oven at 105°C for 24-30 hours to obtain a constant weight. The moisture content was calculated according to the formula of [14] as follows:
Moisture% =
Crude fat or ether extract:
The crude fat of ether extract was determined according to the formular of [14] :
Ash content:
The calculation of percentage ash content followed the formula of [14] shown below:
Crude fibre:
Crude fibre was calculated according to the formular of [14] :
Where W 1 = Initial weight W 2 = Weight of crude fibre and ash concent
Crude protein estimation:
The Kjeldahl method for estimation of nitrogen was applied. Nitrogen content was then converted to protein percentage by multiplying 6.25 according to [14] as follows: 
Economic Evaluation
The economic evaluations of production of Clarias gariepinus using coppens, shrimp based diet and chicken offals based diet was carriedout according to [16] . 
Investment cost analysis (ICA):
Data Analysis
Data obtained were subjected to descriptive analysis (mean and standard deviation). One way analysis of variance (ANOVA) was also used to test for the significance of differences among growth performances and economic indices of the dietary treatments. One way ANOVA was also used to test for the significance of differences in proximate compositions among the 3 dietary treatments using Version 20 of predictive Analytical Software (PASW) and Microsoft Excel 2013. All ANOVA analysis were carried out at 0.05 level of significance and their relevant degree of freedom.
RESULTS
Proximate Compositions of the Experimental Diets
The summary of the mean proximate compositions of the experimental diets is shown in Table 2 . Mean proximate analysis of the dry matter (mg/100g) of the 3 experimental diets showed that crude protein content was highest (40.61 ± 0.13%) in diet A (Coppens), followed by diet C, chicken offal based diet (COBD) with 38.15 ± 0.16% and least (37.00 ± 0.32%) in diet B, shrimp-based diet (SBD). Mean ether extract was highest in diet A (11.71 ± 0.10%), followed by diet C (10.00 ± 0.30%) and least in diet B (6.70 ± 0.12%). Mean crude fibre was highest in diet A (7.43 ± 0.01%), followed by diet B (5.13 ± 0.13%), and least in diet C (4.30 ± 0.33%).
Mean ash content was maximum in diet A (9.10 ± 0.12 %), followed by diet B (6.67 ± 0.33 %), and least was observed in diet C (5.00 ± 0.00%).
Mean moisture content was highest in diet B (17.37 ± 0.31%), followed by diet C (14.84 ± 0.14 %) and least in diet A (8.50 ± 0.21%). Mean nitrogen-free extract (NFE) was greater in diet C (27.76 ± 0.56%), followed by diet B (27.13 ± 0.23%) and least in diet A (22.68 ± 0.13%).
Statistically, there was a significant difference between the nutritional composition in coppens, shrimp based diet and chicken offal based diet at p<0.05.
Water Quality
The summary of the mean water quality of culture water in the tank with fish fed 3 diets is shown in table 3. For the fish group fed Diet A, the temperature of the water ranged from 27.27 -32.83°C, with a mean and standard deviation of 29.975 ± 0.291°C, while pH ranged from 6.87 -7.40, with a mean and standard deviation of 7.082 ± 0.144. The dissolved oxygen (DO) ranged from 3.33 -5.33 mg/L, with a mean and standard deviation of 4.648 ± 0.603 mg/L, while the ammonia level ranged from 0.00 -0.17 mg/L, with a mean and standard deviation of 0.133 ± 0.048 mg/L (Table 3) . (Table 3) .
For fish fed Diet C, the temperature of the water ranged from 27.30 -33.10°C, with a mean and standard deviation of 30.111 ± 0.278°C, while pH ranged from 6.93 -7.27, with a mean and standard deviation of 7.089 ± 0.119. The dissolved oxygen (DO) ranged from 3.76 -5.34 mg/L, with a mean and standard deviation of 4.574 ± 0.559 mg/L, while the ammonia level ranged from 0.00 -0.17 mg/L, with a mean and standard deviation of 0.126 ± 0.045 mg/L (Table 3) .
Statistically, the temperature, pH, DO and ammonia levels varied insignificantly between the culture water with fish fed the 3 diets at p>0.05 (Table 3 ).
Growth Performance of Fish Fed Experimental Diets
The summary of the growth performance of fish fed the 3 different diets are shown in Table 4 . Growth performance of juveniles (C. gariepinus) that were administered the 3 test diets was evaluated using indices including; weight gain (g), growth rate (g/day), specific growth rate (%/day) and mean growth rate (g/day). Weight gain (g) was highest in fish fed diet A (Coppens), having 17969.33±506.61g, followed by 15825.33±202.42 g for fish fed diet B and 15137.33 ± 108.25 g for fish fed diet C. The Growth rate (GR) was equally highest in juveniles fed with Coppens (111.62 ± 3.29 g/day), followed by 97.69±1.31 g/day for fish fed diet B, and least in fish fed with diet C with 93.23±0.70 g/day (Table 4) .
Specific growth rate (SGR) observed was highest in juveniles fed Coppens with 2.02 ± 0.02 %/day, followed by 1.94±0.01 %/day for fish fed with diet B, and least in C. gariepinus fed with diet C with 1.91±0.01 %/day. Mean growth rate was highest in fish fed with diet A (Coppens) with 11.88 ± 0.29 g/day, followed by 11.74±0.15 g/day for fish fed with diet B, and least in fish fed with diet C with 11.69±0.09 g/day (Table 4) .
Statistically, the weight gain, growth rate and specific growth rate varied significantly between the fish group fed with the 3 diets at p<0.05, while the mean growth rate did not vary significantly between the fish group fed with the 3 diets at p>0.05 (Table 4) .
Economic Evaluations of Clarias gariepinus Fed with the Experimental Diets
The summary of the economic evaluations of C. gariepinus fed experimental diets is shown in 
DISCUSSION
The nutritional composition of the 3 feeds used differed in this study, with Coppens being the best, although all 3 feeds were balanced fish diet. The differences in the nutritional levels of the 3 diets could be due to the difference in the components of the 3 diets. This corroborated with the findings of [17, 18] , who both purported that, the nutritional constituents of fish diets can vary depending on the part being processed.
The indices of growth examined in this study revealed that weight gain, growth rate (GR) and specific growth rate (SGR) varied between the C. gariepinus administered the 3 different diet. Findings observed in the present study was in conformity with [15] report; who stated that feed standard is a matter of how efficient an animal's nutrient requirement is met by that feed. Growth response of fish observed in this study is an indication of the fact that the three experimental diets were nutritionally balanced for normal fish growth. The present study revealed that fish fed diet A grew faster than fish fed diet B, while fish fed diet C had the slowest growth based on the growth parameters studied. This could be attributed to the fact that coppens (diet A) are floatable and with strong fish odour to attract fish, which are attributes lacking in diets B and C. This finding agrees with [19, 20] who in their report stated that business feeds like Coppens, Vital, Multifed, and Euro, release stronger odour that is fishy in nature. Agbokei et al. [19] also reported that C. gariepinus like most catfish feed mostly using olfactory senses, which makes them more attracted to coppens as a result of its strong fish odour. This reasons could be responsible for coppens feed being more inviting to the fishes than diet B and C. Going by Coppens manufacturer's label, its ingredient differed slightly from that used in formulating diet B and C, although most ingredients and additives were almost the same. However, the 3 feeds were consumed by the fish, albeit at a different rate.
The water quality parameters (pH, DO, NH 3 levels, temperature) varied across the 3 treatment group fed diet A, B and C, although all water quality parameters monitored were normal and they were within tolerable limits for normal growth of C. gariepinus [1] .
The only way to ensure that catfish production is encouraged is through proper economic evaluation that will bring to light the level of profitability of catfish farming and constraints to production [21] . In the present study, investment and operating cost, including input levels, prices, and yields were mainly based on the current market price of feed and fish in Calabar (Southeast Nigeria). The total amount of feed consumed by all the cultured fish group fed diet A was greater than feed consumed by fish fed with diet B and C. In catfish farming, farmers are often faced with several costs to bear in the course of producing fish. The variable cost involved in the production of catfish as articulated by many researchers [22, 23, 24] and includes: catfish seeds (fingerlings), catfish feed, labour, water, fuel, electricity, transportation and miscellaneous costs.
In these study, catfish seeds (juveniles) and feeds were the only variable cost considered. Cost of feed was lower in fish given diet B and C in comparison with fish fed diet A for 22 weeks. These show that diet B and C are more economical than diet A as justified by a lower investment cost analysis (ICA) of ₦1467.00±0.00 ($4.314706) (diet C), ₦ 1626.50±0.00 ($4.783824) (diet B) compared to ₦ 1933.33±0.00 ($5.686265) (diet A). Profit index (PI) and benefit cost ratio (BCR) were higher in fish fed with diet A than those with diets B and C. Although, the profit index varied slightly between the 3 treatments groups, the use of diet A, B or C was economically beneficial.
The cost of catfish juveniles and feeds alone in this study constituted about 76 -80% of the financial requirement for catfish production, and this is similar to the findings of [21] , who reported that feeds alone constituted about 73.56% in catfish production. This finding implies that in catfish production, feed cost is one of the most important factors that determine productivity and profitability.
CONCLUSION
Juveniles of C. gariepinus fed Coppens performed better compared to the groups fed SBD and COBD in terms of growth performance, but economically SBD and COBD were better for C. gariepinus production within the duration of the study. As a result, formulated feeds should be used more in aquaculture since similar results compared to the use of Coppens could be achieved at a lower cost. More researches should be carried out on the use of different locally formulated feeds in aquaculture, to ensure that catfish productivity and economic evaluation are evenly poised.
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